I. INTRODUCTION
Low temperature treatment, with certain plant and animal species, allows a linear differentiation of somatic metaphase and anaphase chromosomes other than that which is characteristic at normal temperatures. Under the conditions of cold, heterochromatic parts become differentiated as segments of reduced diameter and, as shown with Feulgen, having a reduced nucleic acid charge (Darlington and La Cour, 1940 Cour, , 1941 Geitler, io ; Callan, 1942 ; i; Haga and Kurabayashi, 1948) . The chromomere-like differentiation obtained with special fixation methods by Shmargon (1938) in Secale and by Kakhidze (i) in Crepis capillaris, has been compared with the differentiation produced by this nucleic acid starvation (Wilson and Boothroyd, 1.4) . There is, however, no resemblance either in the cause or in the effect.
The segments starved of nucleic acid at metaphase agree in number and position with the segments overcharged with nucleic acid in the resting stage. Both were therefore defined as heterochromatin in a strict sense by Darlington and La Cour (ix) . It should be noted that Heitz (1928 Heitz ( , 1932 originally described heterochromatin as any part of the chromosome which was overstained during the resting stage. Since Heitz and others did not always use Feulgen staining some bodies may have been described by them as heterochromatin which were not overcharged with nucleic acid and therefore not heterochromatin in our stricter sense.
Contrary to our findings, Wilson and Boothroyd (i) believe that revelation of the heterochromatic segments is dependent on a differential contraction of heterochromatin and euchromatin. Our microphotographs as well as camera lucida drawings, show clearly that this is not so. Such a view is also in conflict with that of Resende et al. ('iA) who have shown in Trillium sessile that the segments begin to differentiate at 9° C. And moreover, that with supercontraction of the chromosomes which happens below -6° C., the differentiation of the segments is in no way modified.
However, these workers assume the segments to be either of nucleolar origin (which they clearly are not), or of an organisation intermediate between heterochromatin and nucleolar organiser (which 37 C2 is meaningless). The present observations will perhaps resolve these difficulties.
The scope of the present paper is primarily in the presentation of further studies on the mapping of heterochromatic segments in various plant species. These new observations substantiate the views we have previously held, views which in some cases conflict with the interpretation implied elsewhere (Kaufmann, 1948 ; Vanderlyn, 1949) . Those of a pertinent nature will also be discussed here.
MATERIALS AND METHODS
A large part of the Fritillaria material came from the Institution's collection. Root tips of a number of species were provided by Miss C. Beck of Great Amwell. For material of F. recurva and F. lanceolata I am indebted to Dr G. Mehlquist of Missouri Botanic Garden and bulbs ofF. lusitanica to Prof. A. Fernandes of Coimbra University. The plant of Paris polyph5lla like the earlier one, was from Edinburgh Botanic Garden. The Trillium species came from Messrs Perry of Enfield.
All the root tips were fixed in 2 BD except those of Fritillari where acetic alcohol (i : 3) proved more satisfactory. It gives with Feulgen staining, better definition of small intercalated segments. To minimise the occurrence of bubble artefacts, fixative was limited to 15 minutes, hardening then being continued in 95 per cent, alcohol over-night. Following fixation, all the material was prepared as Feulgen squashes (Darlington and La Cour, 1947 Tschonoskii also trabant on an E chromosome of T. apetalon. x moo.
Two tetraploid species, both of Asiatic origin, have been examined, namely T. Tsc/zonoslcii and T. apetalon (T. Smallii). Both are allotetraploids as is evident from their somatic complements (cf Haga, 5934 In this species also, 2 of the E chromosomes differ from the other two E's in having the heterochromatin uncoiled after cold treatment ( fig. 2) . The condition has been similarly figured in this species, following treatment with chioral hydrate (Haga, 5934) . It was first described in the hexaploid Paris japonica. (iii) Vicia faba So far as can be judged the segments are confined to positions near the centromere. They are also short, in fact shorter than the constrictions of nucleolar origin. Presumably some are also beyond the limits of resolution. For although up to g small chromocentres are detectable in the resting nuclei, 7 segments only are discernible at metaphase. It may be noted that in the readily distinguishable B C D 6 1) () nucleolar chromosomes, the position of the starved heterochromatic segments is comparable to that of the chromocentres as figured by Heitz (1932) .
In addition to nucleolar and heterochromatic (cold-starved) constrictions, there is a third type which appears irregularly in one jAj ,kji E jjjx (1 )iI (I Fio. 4.-Vwia faba, above after normal temperature, below with heterochromatin as revealed by cold. There is difficulty in interpreting differences within pairs because of similarity in the types B-F. X 1370.
short pair of chromosomes, equally at high and low temperatures but without any association with a nucleolus. This is labelled the
Xsegment (fig. 4). (Iv) Fritillaria
In our earlier account heterochromatin had been mapped only in F. pudica. From the evidence of chromocentres, 7 species out of 20 had heterochromatin (La Cour, i47). These included 4 out of 6 New World species. Moreover, these had far more heterochromatin than the 3 Old World species. The survey has since been continued employing the cold technique, wherever possible, in order to map the position of the heterochromatin. The results are given in table i.
It will be seen that out of 34 species examined, 12 out of 27 Old World species have detectable heterochromatin and similarly 5 out of 7
New World species. Again we still find the Old World species showing an appreciably lower content ( fig. 5) .
The heterochromatin has now been mapped in 7 specieS, 2 Iberian and 5 Californian. As well as in content, the 2 classes differ also in regard to the position and behaviour of the heterochromatin and, perhaps also in the position of the nucleolar organisers.
In the 2 Iberian species, F. lusitanica and F. pyrenaica, the heterochromatin is located mostly next to the centromeres. It leads to an apparent lengthening of the centric constrictions. This is true also even after normal temperatures, although the accentuation at these points may not always be so clearly defined. As an explanation for this behaviour I have suggested elsewhere (La Cour, 1950 ) that the abnormal nucleic acid cycle in the heterochromatin is exaggerated by the closeness of the centromeres which, we must remember also have an allocyclic behaviour. Two of the Californian species, F. Pur4yi and F. plurflora have no heterochromatin. Two others, F. lanceolata and F. recurva have a pattern of heterochromatin comparable to that of F. pudica. It mostly lies near the centromere and amounts to about one-fifth of the whole. In a third, F. bflora, the position of the heterochromatin is similar, but in amount a little less. The last, F. falcata, on the other hand, would appear to be unique amongst all plants. Its euchromatin and heterochromatin are almost equal. Some of its chromosomes have short arms apparently devoid of all euchromatin. And, so far as can be judged, in some the centromeres are situated in a heterochromatic block ( fig. 6 ). Owing to lack of root tip material, I have not as yet determined whether such regions have a similar behaviour to the centric heterochromatin in the Iberian species.
The only plant of this species I have examined contains 2 fragment chromosomes of unequal size. The plant is a fragmentation heterozygote with the chromosome number 2fl = 25. Presumably in its ancestry the fragments were derived from anaphase breakage of a dicentric chromosome formed at meiosis in a trisomic plant. Since triploid forms are not uncommon in the genus, possibly this may have arisen as a chance seedling from a triploid. (Darlington and La Cour, 1947) . Here, however, no such differentiation is obtained. On the other hand, the heterochromatin becomes distinguishable at metaphase in another way. A small proportion of the mitoses enter metaphase in a prophase condition. In contrast to the heterochromatiri the euchromatin is incompletely coiled (fig. 7) . A somewhat similar prophasic condition has been produced elsewhere by X-rays (Darlington and La Cour, 1945) . Then if we consider the evidence presented here. First, as we saw in Fritillaria some species have an irregular kind of nucleolar organisation comparable to that in Trillium. Then at low temperatures, in 5 American species of Fritillaria as well as in Vicia, nucleolar and heterochromatic constrictions coexist. The nucleolar kind are visible also at normal temperatures, the heterochromatic as a general rule are not. Moreover, in appearance the two kinds are unmistakably distinguishable from each other. With Feulgen, the nucleolar type presents a distinct gap in the chromosome arm, with the bridging thread unstained. The heterochromatic segments on the other hand, in favourable cells, show the coiling of the basic chromosome thread.
There are, however, examples of secondary constrictions difficult to define (cf. Kaufmann, 1948) . No doubt as we have suggested (1940) some of these are heterochromatin. There is a similar difficulty as we saw in the interpretation of 2 small segments in a pair of chromosomes in Vicia. That they are equally visible at high, as at low temperatures, does not necessarily overrule them being heterochromatin. On the other hand, examination in more favourable tissues might show an alliance with a weak nucleolar organiser.
Klingstedt (içi) has inferred that the nucleolar organiser is perhaps a special kind of heterochromatin. This has led Therman- Suomalainen (1949) to consider that certain unclaslified constrictions could with equal justification be assigned to both groups. However, as pointed out by Darlington (1947) there is no necessary connection between nucleolar organisers and heterochromatin and there are very simple means of distinguishing them.
THE COMPETITION FOR NUCLEIC ACID SUPPLY
Low temperature allows us to locate the position of heterochromatic segments ; seemingly because the genes in such regions suffer in competition from an inadequate supply La Cour, 1940, 1941) . There is little need of elaboration of the wealth of evidence in support of this view. It comes both from the similarity in natural occurring phenomena, such as occurs in sex chromosomes and from a wide variety of observations elsewhere (Callan, 1942 Levan, 1942 Wickbom, ,945; La Cour, 5944; Koller, 1946; Darlington and La Cour, 1945) . Not all heterochromatin, however, is influenced by treatment with cold. Such is the case with chromosomes known to be wholly heterochromatic, e.g. the supernumerary chromosomes in Xarcissus juncfo1ius (Fernandes, 5939) . Thus it may be surmised that the competition as such, is solely between chromosome parts and not between individual wholes. This is compatible with the fact that heterochromatin is typically located near the surface of the nuclear membrane. And may therefore perhaps be considered as liaison chromatin (Vanderlyn, 5949) .
However, even with heterochromatic parts of a readily detectable size, such as we find in Scilla sibirica, cold treatment may be ineffective.
It fails here presumably becau3e of an adaptation to growth at low temperatures. This would lead to a juxtaposition of the thresholds for mitosis and of the restriction of nucleolide supply.
Some idea of the adaptation of this species to cold conditions can be judged by experiment. Mitosis is normal at -6° C. after i o days, which is the coldest it has been possible to try. Also it is in no way affected by treatment at 20 C. for 2 months, which is the longest period tried.
HETEROCHROMATIN AND SPECIATION
The development of species in the genus Fritillaria is somewhat obscure in its evolution. Unlike that of so many other genera, hybridity and polyploidy appear to have played but minor roles. With the possible exception of F. phenanthera, presumed to be a natural hybrid between F. parvflora and F. recurva, species hybrids are apparently unknown to cultivation. As might be expected, allopolyploidy in the genus is unknown. Cytological evidence shows that some species have evolved through fusion and some by breakage of the chromosoines, e.g. F. ruthenica n = 9 and F. pudica n = 13, as variations from the common basic haploid number n = 12 (Darlington, 1937) .
In view of the interesting differences in heterochromatin displayed by New and Old World species, the question naturally arises as to what part heterochromatin has played in speciation and development of the evolutionary pattern. At the moment we are unable to wholly evaluate the possible importance of this relationship. For although it is generally assumed to be, we do not know if heterochromatin is present in the chromosomes of all plant and animal species. Neither do we know whether heterochromatin can arise from euchromatin or vice versa. However, two characteristic features are perhaps worthy of reminder.
In cold treated Trillium (Darlington and La Cour, 1940) it has been shown that at anaphase, undercharged heterochromatin is liable to errors in reproduction. Changes so induced may contribute to the development of the evolutionary pattern. Then must be considered the effects of polygenes providing smaller variation supplementary to that provided by major genes. Mather (i4.) has shown them to be present, although not necessarily confined to, in heterochromatin. Thus it may be that the unparalleled and perplexing diversity of many American species, e.g. F. lanceolata (Beetle, 5944) is in part associated with the release of polygenic variation. For this species with an abundance of heterochromatin has moreover, unlike so many Old World species, free pairing and crossing-over at meiosis and hence the capacity for maximal recombination.
THE ORIGIN OF HETEROCHROMATIN
Heterochromatin is distinguishable from euchromatin by its allocycly, but it may be that the degree of dispersion determines whether such allocycly is detectable. Pontecorvo (5944) has attributed the allocyclic behaviour to the differentiation of groups of chromomeres with a similar nucleic acid cycle. He accordingly assumes that heterochromatic segments arise by repeated reduplication of minute euchromatic regions in juxtaposition. On such a view there is indeed scope for dispersal and elimination of old heterochromatic segments, as well as for the formation of new segments of variable size. The evidence in Fritillaria neither confutes nor confirms this view. Although here, with the means of vegetative reproduction and hence equipped for preservation of changes, we might perhaps. have expected greater variation in the pattern of heterochromatin.
From various lines of work and thought it has emerged that heterochromatin plays an important physico-chemical role in the cell (Caspersson, 1947; Darlington, 1942, amongst others) . Although
•the wideness of this role is perhaps somewhat conjectural (cf Vanderlyn, 1949 ). If such is indeed the case it would seem inconceivable that heterochromatin could ever be entirely absent from nuclei, at least of actively dividing cells. On such a view it would be assumed that the apparent absence of heterochromatin in some species of Fritillaria and, indeed in many species elsewhere, is indicative only of a finer degree of dispersion of the genes displaying heterochromatic behaviour.
However, until this becomes an established fact one is tempted to present yet another point of view.
Let us assume that the chromosomes of all plant and animal species carry groups of replicated genes of a low order of specificity such as would on Mather's view be described as polygenes. These may have the same functions in the cell as those attributed to recognisable heterochromatin without showing its visible properties, which we may surmise are under genotypic control. 2. In F. falcata, a Californian species, the content of heterochromatin and euchromatin is almost equal. The individual examined was found to be a fragmentation heterozygote with the chromosome number 2fl = 25.
3. The Iberian species, F. pyrenaica and F. lusitanica have compound centric constrictions due to heterochromatin lying next to the centromere. It leads to a lengthening of the constriction which is equally clear at high and at low temperatures. 6. Adaptation to growth at low temperatures such as is found with Scilla sibirica inhibits cold-starvation of the heterochromatin at metaphase.
7. Problems relative to interpretation, origin and role of heterochromatin in evolution are discussed.
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